1\I.D., AND WILL1AM GIBSON, M.D. Clinically, application of electric currents to the heart has been limited to defibrillation in the operating room when the heart is exposed. In this paper technics are described for the external application of stimulating and countershock currents. They have been used successfully in man to terminate ventricular standstill from any cause and to stop ventricular tachycardia or fibrillation. For experimental purposes an additional technic has been developed for producing various cardiac arrhythmiias by rapid external stimulation of the heart. THRIXHREE types of cardiac effects have long been known to result from the direct application of electric currents to the exposed heart: (1) stimulation of ectopic beats, (2) induction of arrhythmias, and (3) termination of arrhythmias. These procedures have been limited in experimental and clinical use because of the necessity of opening the chest. In this paper, technics are described whereby the same cardiac effects can be obtained when the currents are applied externally.
1. Single or repetitive electric stimuli applied directly to the heart are known to produce single ectopic beats or to assume control of cardiac rhythm. We have shown that electric stimulation applied externally across the unopeised chest inl main also produces effective cardiac beats and constitutes a valuable means of cardiac resuscitation from ventricular standstill.'-' Evidence is presented here that the external electric stimulator acts as anl intrinsic cardiac pacemaker.
2. Repetitive electric stimuli have also been applied directly to the exposed heart to produce This investigation was aided by research grants from the National Heart Institute, U.S. Public Health Service (H-1455 and H-1028), and from the M1assachulsetts Heart Association. 745 supraventricular and ventricular arrhythmias for experimental purposes.'-, 8 We are presenting here a new technic of inducing these arrhythmias by electric stimulation of the heart across the unopened chest in the experimental animal with very rapid, monophasic impulses. This method of producing arrhythmias may prove valuable for physiologic and pharmacologic studies. 3 . Electric countershock across the exposed heart has become the accepted therapy for ventricular fibrillation.9' 10 In the'experimental animal, ventricular fibrillation has also been terminated by external 
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The first and last electric stimuli, E, are ineffective, since they fall in the refractory phase after the normal ventricular beat, R. The second and third stimuli fall in the responsive phase and evoke cardiac responses A and V: A, from a supraventricular focus, discharges the intrinsic sinoatrial pacemaker; the time between the preceding and succeeding It waves is less than 2 normal R-R intervals. V, from a ventricular focus, does not interrupt the sinoatrial rhythm; the time between the preceding and the succeeding R waves equals 2 normal R-R intervals.
With rates of stimulation slower than the intriinsic cardiac rhythm, intermittent ectopic beats are produced whenever the stimulus falls in a responsive phase of the cardiac cycle. The external electric pacemaker competes with the initrinisi( cardiac pacemaker and all the phenomeena of parasystole may appear ( fig. 3) .
At rates faster than the intrinsic pacemaker, the electric stimuli produce a regular, externally paced rhythm and mask the intrinsic cardiac activity ( fig. 4 ). At frequencies of stimulation between 300 and 600/mim. in the normal dog, the heart no longer responds to every stimulus and the externally paced rhythm becomes irregular; cessation of such rapid stimulation is usually followed by return of the intrinsic normal sinus rhythm.
In the normal pig regular 1: 1 responses to the electric stimuli were recorded electrocardiographically at rates as high as 1000/mmi. stimuli were of low voltage; nevertheless the effective stimuli and their responses differed in configuration from the ineffective stimuli that were seen in the immediately subsequent period of 2: 1 response.
The location of the electrodes, the timing of the electric stimulus in the cardiac cycle, and the intensity of stimulation determine whether the externally paced response is supraventricular or ventricular in origin. With high location of the electrodes in the esophagus or on the chest, stimulation produces supraventricular beats; with lower positions the beats are ventricular; at intermediate positions both types of responses may occur. Stimuli occurring early in the responsive phase of the cardiac cycle produce supraventricular beats and late ones produce ventricular beats ( fig. 2) . If the intensity of an early stimulus that produces a supraventricular beat is increased, however, a ventricular complex may occur. Figure 6 shows the only instance of supraventricular response that has been observed in man. Complete heart block developed during External stimulation of the heart at rapid rates of 500 to 1200/min. for periods of 10 to 60 sec. was applied to normal dogs, normal pigs, and pigs with previous ligation of the left circumflex coronary artery.
In the normal dogs, cessation of rapid stimulation was usually followed by return of normal sinus rhythm. Infrequently, however, atrial fibrillation followed ( fig. 9 ). When rapid stimulation with consequent severe hypotension was prolonged (30 to 60 sec.), ventricular fibrillation often ensued, probably as a result of the marked cardiac ischemia. No other arrhythmias were observed in the dogs.
In 4 normal pigs, no arrhythmias were produced on repeated trials. In a fifth normal pig that was subjected to more prolonged stimulation with shorter rest intervals, 1 The type of arrhythmia that was produced did not appear to be related to the rate or duration of stimulation. We have not investigated all the experimental conditions nor the fundamental mechanisms whereby these arrhythmias were induced by rapid cardiac stimulation.
TERMINATION OF ARRHYTHMIAS
BY COUNTERSHOCK We have stopped each kind of induced arrhythmia in the animals by the application of 60-cycle alternating current of 180 to 660 volts for 0.15 sec. across the closed chest.
Ventricular fibrillation was instantaneously terminated 69 times in dogs and 32 times in pigs. On numerous occasions defibrillation was unsuccessful because of inadequate countershock voltages, improper electrode placement, or poor condition of the animal from prolonged circulatory arrest or excessive countershocks. When the high-voltage countershocks were applied in rapid succession without adequate rest intervals, clear evidence of cardiac damage was manifested by abnormal QRS complexes, fall in arterial pressure, spontaneously recurrent fibrillation, and actual "cooking" of the heart muscle. Similar observations on external defibrillation have been made by others."l-'5 Furthermore, we have been able to terminate experimentally induced atrial, nodal, and ventricular tachycardia and atrial fibrillation by externally applied countershock (table 1) . Although many of these arrhythmias stopped spontaneously, the efficacy of external countershock in terminating them was clearly established by the repeated observation of their instantaneous cessation upon application of the current (figs. 9-13). When countershocks of 180-300 volts were applied, termination of the ITI, C-t'-. arrhythmias w-as usually folloxwed immediately by normal sinus rhythm. When higher voltages (300-660 volts) were used, atrial standstill, ventricular standstill, idioventricular beats, or atrioventricular block was often observed. These manifestations of interference xith impulse formation and conduction were usually followed quickly by normal sinus rhythm.
In a few instances, ventricular standstill persisted following countershock, especially in hearts depressed by anoxia, prolonged circulatory collapse, or repeated high-voltage countershocks. Under such circumstances external electric stimulation often aroused effective ventricular responses and was followed by spontaneous ventricular activity. Figure 12 shows a sequence, repeatedly observed in 1 pig, of ventricular standstill after defibrillation, in which a single effective electric stimulus initiated spontaneous ventricular activity with subsequent resumption of normal sinus rhythm. Figure 13 illustrates prolonged ventricular standstill following countershock and final resuscitation by external electric stimulation and sympathomimetic drugs after 7 minutes of circulatory arrest.
External countershock defibrillation has also been accomplished in the human heart 12 times in 5 patients.21 In 2 patients ventricular fibrillation followed an acute myocardial infarction. After delays of at least 5 and 7 min. the ventricular fibrillation was terminated instantaneously by countershocks of 240 and 360 volts. Persistent ventricular standstill followed in both cases, however, and heart beats could not be stimulated by the external electric pace- 
